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Magneti Behavior of Single Crystalline Pr5Ge3 and Tb5Ge3 Compounds
Devang A. Joshi, A. Thamizhavel and S. K. Dhar
Department of Condensed Matter Physis and Material Sienes,
Tata Institute of Fundamental Researh, Homi Bhaba Road, Colaba, Mumbai 400 005, India.
The results of the magnetization studies on Pr5Ge3and Tb5Ge3 single rystals are reported. Single
Crystals of Pr5Ge3 and Tb5Ge3 ompounds were suessfully grown by Czohralski method. These
ompounds rystallize in a Mn5Si3 type hexagonal struture with spae group P63/mm. Ferromag-
neti orrelations set in at around 36 K in Pr5Ge3 in the ab plane followed by an antiferromagneti
transition at 13 K. Along the -axis the magnetization shows a ferromagneti transition around 13 K
with an overall ferrimagneti behavior. At 2K, the magneti isotherm of the ompound along [0001℄
diretion is typial for a ferromagnet, while a eld indued ferromagneti type response is observed
along the [1010℄ diretion. Hexagonal ab plane or [1010℄ diretion was found to be the easy axis
of magnetization. Tb5Ge3 orders antiferromagnetialy at 85 K with the hexagonal ab plane as easy
axis of magnetization. The ompound shows a eld indued ferromagneti behavior in its magneti
isotherm at 2 K.
PACS numbers: 71.20.Eh, 71.27.+a, 75.50.Ee and 75.50.Gg
Keywords: AC suseptibility, Ferrimagnetism, R5Ge3 and Single rystal
I. INTRODUCTION
R5M3(R = rare earths, M = p blok elements) om-
pounds exist for a variety of 'M' elements suh as M =
Si, Ge, Ga, Pb and Sn. The rystal struture of these
binary ompounds depends upon the atomi sizes of R
and M as well as the type of the p blok element. Most of
R5M3 rystallize in the Mn5Si3-type hexagonal struture
in whih the rare earth atoms oupy two inequivalent
rystallographi 4d and 6g sites loated at (1/3, 2/3, 0)
and (x
R
,0,1/4). Due to the dierent near neighbor envi-
ronment assoiated with the two sites, R5M3 ompounds
typially show ompliated magneti strutures despite
their relatively simple formula. A variety of behaviors
suh as the oexistene of antiferromagneti and ferro-
magneti omponents, inommensurate amplitude mod-
ulated and onial spin strutures and eld indued mag-
neti ongurations are observed. The R5Ge3 family of
ompounds was rst studied by Bushow and Fast, us-
ing polyrystalline materials(author?)
1
. Bulk magneti-
zation indiates that Ce5Ge3 and Nd5Ge3 are ferrimag-
neti; Pr5Ge3, Tb5Ge3, Dy5Ge3 Ho5Ge3 and Er5Ge3 are
weak antiferromagnets at low temperature and exhibit
a eld indued metamagneti transition(author?)
1
. A
neutron diration study on Nd5Ge3 (author?)
2
was
more revealing and the results ould best be explained
by assuming a ollinear antiferromagneti double sheet
struture for the Nd atoms at the 6g site and a anted
(or a possible modulated) struture for the 4d atoms. Be-
low 20 K a fairly strong ferromagneti omponent an be
indued by means of an external eld in Nd5Ge3.
There are very few reports based on single rystals
of R5Ge3. A single rystal of Ce5Ge3 was reported to
show dense Kondo behavior (author?)
3
. Tsutaoka et
al. have reported the magnetization and eletrial trans-
port properties of single rystals of Gd5Ge3 and Tb5Ge3
(author?)
4
. Gd5Ge3 undergoes two antiferromagneti
transitions at 76 and 52 K, respetively, while a single an-
tiferromagneti transition at 79 K and a large magneti
anisotropy are observed in Tb5Ge3. Keeping in mind
the ompliated magneti behavior of Nd5Ge3 in the or-
dered state, we have been motivated to examine the or-
responding behavior in a single rystal speimen of the
neighboring Pr5Ge3. The large magneti anisotropy in
Tb5Ge3 prompted us to study its magnetization behavior
in greater detail than given in (author?)
4
. Aordingly,
we have suessfully grown single rystals of Pr5Ge3 and
Tb5Ge3 and the results of our magnetization study are
presented in this report.
II. EXPERIMENT
From the Phase diagram of the Pr-Ge and Tb-Ge sys-
tem, Pr5Ge3 and Tb5Ge3 were found to be ongruently
melting with a melting point of 1490
◦
C and 1900
◦
C
respetively. Taking the advantage of this property, we
deided to grow both the single rystals by Czohralski
pulling method. Starting materials were high purity Pr
(99.95 %) and Ge (99.999%) metals from Leio indus-
tries. Stoihiometri amount of materials were taken to
make a 10 g (polyrystal) melt in a tetra ar furnae.
A thin polyrystalline seed rod of respetive ompound
was immersed into the melt and pulled at a speed of 10
mm/h in pure and dry argon atmosphere. The grown sin-
gle rystal was approximately 2-3 mm in diameter and a
photograph of Pr5Ge3 pulled single rystal is shown in
Fig. 1.
The phase homogeneity of the rystal was heked
using the powder X-ray diration. The single rys-
tals were oriented along the priniple rystallographi
diretions using bak reetion Laue diration method
and then ut to required size for thermal and magneti
measurements. The magneti measurements were per-
formed using superonduting quantum interferene de-
vie (SQUID - Quantum Design) and vibrating sample
magnetometer (VSM Oxford Instruments), within a tem-
perature range of 1.8 to 300 K and magneti elds up to
2Figure 1: (Color online) Photograph of pulled Pr5Ge3 single
rystal
120 kOe. The heat apaity measurement was performed
using a physial property measurement system, PPMS
(Quantum Design).
Figure 2: (Color online) Rietveld analysis of the X-ray powder
pattern of Pr5Ge3 ompound.
III. RESULT
As mentioned in introdution, both Pr5Ge3 and
Tb5Ge3 form in Mn5Si3 type hexagonal struture with
spae group P63/mm (No. 193). In order to onrm the
phase homogeneity of the ompounds with proper rys-
tallographi and lattie parameters, a Rietveld analysis of
the observed X-ray pattern was done using FULLPROF
program as shown in Fig. 2. The single phase nature
of the samples was also onrmed by sanning eletron
mirosopy (SEM).The lattie parameters obtained from
the Rietveld analysis for Pr5Ge3 and Tb5Ge3 are a =
8.804 Å ;  = 6.588 Å and a = 8.474 Å ;  = 6.305 Å
respetively. The lattie parameters are in lose agree-
ment with the reported ones (author?)
1
. The rened
rystallographi parameters for Pr5Ge3 are presented in
Table 1 and the rystal struture is shown in Fig. 3. The
blak line edges represent a unit ell onsisting of two
formula units of Pr5Ge3. The xy planes on top, bottom
Figure 3: (Color online) Crystal struture of Pr5Ge3 om-
pound, the blak lined edges represent the unit ell. The top,
bottom and the entral planes ontaining only Pr1 along the
 axis represent the 4d planes and the remaining planes on-
taining Pr2 and Ge represent the 6g planes.
and the middle whih onsist of only Pr atoms labeled
as Pr1 represent the rystallographi 4d planes. The re-
maining two planes whih onsist of both Pr (labeled as
Pr2) and Ge atoms represent the 6g plane. The rys-
tal struture an be viewed as staking of two dierent xy
planes (planes ontaining the 4d and 6g sites) alternately
staked along the '' axis. The rare earth atoms have dif-
ferent oupanies at 4d and 6g rystallographi sites.
The nearest neighbor 4d-4d interatomi distane is 3.343
Å whih is appreiably shorter than that orresponding
6g-6g atomi distane of 4.005 Å(author?)
1
. The inter-
layer (4d-6g) atomi distane is at an intermediate value
of 3.758Å(author?)
1
.
Atom Site x y z Ueq(Å
2
) O.
Symmetry
Pr1 4d 0.333 0.666 0.000 0.269(2) 1
Pr2 6g 0.230(1) 0.000 0.250 2.218(4) 1.5
Ge 6g 0.604(6) 0.000 0.250 0.051(1) 1.5
Table I: Rened rystallographi parameters for Pr5Ge3
A. Pr5Ge3
Fig. 4a shows the magnetization vs temperature urve
for Pr5Ge3 under zero eld ooled (ZFC) and eld ooled
(FC) onditions with applied low elds of 20 , 40 and 100
Oe along [1010℄ diretion. Signatures of two magneti
transitions at T1 ≈ 13 K and T2 ≈ 36 K are seen in all
the three elds. The upturn in the magnetization near
T2 suggests the onset of ferromagneti orrelations in the
ab plane, while the transition at 13 K appears to have an
antiferromagneti harater. Its position is independent
of the applied eld while the peak at higher temperature
(orresponding to T2 transition) broadens and shifts on-
3Figure 4: (Color online) a: Magnetization vs. temperature
urves for Pr5Ge3 with eld parallel to [1010℄. b: Similar
urves with eld parallel to [0001℄.
siderably to lower temperatures as the eld is inreased
from 20 to 100 Oe. Thermomagneti irreversibility under
ZFC and FC onditions is observed for the transition at
36 K, whih typially ours in ferromagnets with large
magnetorystalline anisotropy. The latter also explains
the peak shift to lower temperatures with inreasing eld
as arising from an interplay of the applied and oerive
eld. Between T1 and T2 the FC magnetization dereases
in a limited range as the temperature is dereased at all
elds, whih is dierent from the typial saturation be-
havior of magnetization observed in ferromagnet in the
FC mode.
The magnetization with eld parallel to [0001℄ axis is
shown in Fig. 4b. There is only one magneti transition
at ≈ 13 K in ontrast to that with eld parallel to [1010℄.
The nature of the transition seems to be ferromagneti
but the negative magnetization in the ZFC ondition in-
diates an overall ferrimagneti type of behavior. In the
above measurements we have ensured that the notional
zero elds in whih the sample was ooled is not neg-
ative suh that the negative ZFC magnetization is not
attributed to a large oerive eld. This transition seems
to be the analog of that appearing along [1010℄ dire-
tion at ≈13 K but the behavior is totally dierent. The
high eld (3 kOe) suseptibility urve is shown in Fig.
Figure 5: (Color online)a: High eld suseptibility of Pr5Ge3
along [1010℄ and [0001℄ diretions with inset showing the mag-
neti isotherm at 2 K with eld along [0001℄ diretion. b:
Magneti isotherms for Pr5Ge3 at 2 K along both the two
diretions; the inset shows the temperature variation of mag-
netization along [1010℄ diretion.
5a. Along [1010℄ diretion the T2 peak has broadened
appreiably to the point of beoming almost imperep-
tible; however, the low temperature peak T1 is learly
seen. On the other hand the magnetization along [0001℄
diretion shows a ferromagneti ordering. The magneti
isotherms at 2 K for Pr5Ge3 with eld along [0001℄ and
[1010℄ are shown in Fig.5b with the inset showing the
magneti isotherms at 40 K, 30 K, 25 K and 15 K along
the [1010℄ diretion. The plots with the eld along [1010℄
show that overall the magnetization inreases as the tem-
perature is dereased attaining substantial values at high
elds. Overall the behavior for T ≤ 30 K appears to be
a superposition of both ferromagneti and antiferromag-
neti omponents. In partiular foussing our attention
on the 2 K plot the magnetization initially inreases lin-
early with eld and then moves towards saturation at
high elds. The magnetization at low elds is less then
that along [0001℄ diretion, but it overtakes the latter
at ≈ 37 kOe and remains higher up to the highest ap-
4Figure 6: (Color online) AC suseptibility of Pr5Ge3 with AC
eld along [1010℄ and [0001℄ diretions.
plied eld of 120 kOe. The magnetization at 120 kOe is
≈ 9.3 µB/ f.u. In the reverse diretion, the magnetiza-
tion exhibits a hysteresis with a oerive eld of ≈ 1 kOe
(not shown). Along [0001℄ diretion the magnetization
inreases sharply with eld as expeted for a ferromag-
neti ompound and exhibits a hysteresis with a oerive
eld of 3.3 kOe as shown in the inset of Fig 5a. The
magnetization at 120 kOe is ≈ 7.8 µB/ f.u.
In order to get more information on the omplex mag-
neti phenomenon revealed by DC magnetization data as
presented above, we measured the AC suseptibility of
the ompound with AC eld applied along the two rys-
tallographi diretions [1010℄ and [0001℄, respetively as
shown in Fig. 6. When the AC eld is parallel to [1010℄
diretion, the real part of AC suseptibility (q´) shows
peaks at approximately 36 and 13 K, whereas the imagi-
nary part of AC suseptibility (q) shows a peak only at
36 K. A peak in q´, reets any type of magneti order-
ing, whereas a peak in q appears only if a ferromagneti
omponent is present. Hene a ollinear antiferromag-
neti ordering will not reet in the imaginary part of
AC suseptibility. The presene of peak in both q´ and
q at 36 K indiates a magneti ordering with net ferro-
magneti omponent, whereas the absene of peak in q
at 13 K indiates a ollinear type of antiferromagneti or-
Figure 7: (Color online) Inverse suseptibility of Pr5Ge3 with
a Curie-Weiss t.
dering. This also supports our DC magnetization results
where magnetization under FC and ZFC ondition bifur-
ates only at the T2 transition. It may be noted that the
peak at 13 K in q´ is stronger than that at the higher tem-
perature. The inrease in q at low temperatures below
approximately 8 K is presently not understood. When
the AC eld is applied along [0001℄ diretion, both the
real and imaginary parts show peak at approximately 13
K, onsistent with the DC magnetization results, whih
show the dominant ferromagneti behavior of the om-
pound along this diretion.
The inverse suseptibility of the ompound along the
two diretions is shown in Fig. 7. The solid lines are
ts of the Curie-Weiss law to the data and furnish θP
= 16 K, µeff = 3.58 µB and θP = -10 K, µeff = 3.58
µB along [1010℄ and [0001℄ diretions respetively. In the
paramagneti state the suseptibility along [1010℄ dire-
tion is higher than that along [0001℄ at high temperatures
but at low temperature the suseptibility along [0001℄
is higher beause of the ferromagneti type of ordering
(Fig. 5a). It must be noted that the inverse suseptibil-
ity along [0001℄ diretion deviates from the Curie-Weiss
t at muh higher temperature (100 K) than along [1010℄
diretion indiating a dominant rystal eld eet along
the '' axis of magnetization. The high temperature sus-
eptibility and the magneti isotherms at 2 K show that
the easy axis of magnetization in Pr5Ge3 is along the ab
plane.
The heat apaity of Pr5Ge3 and the non-magneti
polyrystalline referene ompound La5Ge3 is depited
in Fig.8a. The heat apaity of La5Ge3 inreases mono-
tonially with temperature as expeted for a nonmag-
neti ompound. The heat apaity of Pr5Ge3 shows a
minor peak at ≈ 13 K and then inreases with inrease
in temperature. Above 50 K the dierene between the
heat apaity of Pr5Ge3 and La5Ge3 inreases for whih
a likely reason ould be the presene of Shottky ontri-
bution arising from the Boltzmann frational oupation
of the thermally exited rystal eletri eld split levels
5Figure 8: (Color online)a: Comparison of the heat apaity of
Pr5Ge3 and La5Ge3. b:the 4f ontribution to the heat apa-
ity of Pr5Ge3 with the inset showing the alulated entropy.
in Pr5Ge3 or La5Ge3 may ease to be a good referene
for the lattie heat apaity at high temperatures. Some
evidene for the former omes from the fat that the high
temperature part (above 100 K) of the heat apaity of
Pr5Ge3 ould not be tted to the sum of eletroni (γT )
and lattie ontributions (Debye Integral) alone. The
4f ontribution to the heat apaity (C4f ) of Pr5Ge3
(Fig.8b) was isolated by subtrating the heat apaity of
La5Ge3 taking into aount the slightly diering atomi
masses of La and Pr. The peak at 13 K is now sharper
in agreement with the magneti ordering along both the
rystallographi axes as dedued from the magnetization
data above. There is no apparent anomaly at 36 K but a
broad hump entered at ≈ 25 K is seen. We believe that
the magneti ontribution to the heat apaity around
36 K may get submerged under the over-riding Shottky
anomaly whih appears to be present as inferred from the
upturn in the 4f heat apaity beginning at T ≈ 35 K.
The entropy alulated from C4f is 3.2 and 6.3 J/mol-Pr
K at 13 and 40 K, respetively, ompared to the value
5.76 J/mol-Pr K for a doublet ground state. This shows
that a substantial short range order exists above 13 K.
The T2 peak in the magnetization along [1010℄ and the
hump in the heat apaity may be a signature of the short
Figure 9: (Color online) a: Magneti suseptibility of Tb5Ge3
along both the rystallographi diretion. b: Inverse mag-
neti suseptibility; the solid line through the data point in-
diate the Curie-Weiss t.
range order.
B. Tb5Ge3
The suseptibility of Tb5Ge3 with eld applied along
the rystallographi diretions is shown in Fig. 9a. The
suseptibility with eld parallel to [1010℄ diretion ex-
hibits a sharp peak at TN = 85 K harateristi of an an-
tiferromagneti transition. The suseptibility with eld
parallel to [0001℄ shows a kink at ≈ 85 K followed by a
broad hump at low temperatures (between 20 to 50 K),
indiating a relatively omplex behavior. The inverse
suseptibility is plotted in Fig. 9b. In the paramagneti
region the t of the Curie-Weiss law to the data furnishes
θP = 62 K, µeff = 9.75 µB and θP = -140 K, µeff = 9.6
µB along [1010℄ and [0001℄ diretions respetively. The
magnitude of the suseptibility along the two axes re-
ets the highly anisotropi magneti response and also
shows that [1010℄ is the easy diretion of magnetization.
Fig. 10 shows the magneti isotherm of Tb5Ge3 with
eld along [1010℄, [0001℄ and [1120℄ (lies within the ab
plane) diretions at 2 K. We have applied elds up to
120 kOe whih exeed signiantly the maximum applied
eld of 50 kOe used by Tsuoka et al. As a result we see
extra features in the magnetization at high elds. The
magnetization along [1010℄ diretion undergoes multiple
metamagneti transitions at ≈ 34, 42, 82 and 92 kOe,
6Figure 10: (Color online)Magneti isotherm of Tb5Ge3 with
eld along [1010℄, [0001℄ and [1120℄ diretions. The inset
shows the expanded magneti isotherm at low eld with ar-
rows pointing the metamagneti transitions.
respetively. The former two magneti transitions are
spin-ip type where as the latter two are spin-op type.
The urved nature of the magneti isotherm between ap-
proximately 60 and 80 kOe in the inreasing diretion
of the eld suggests a anted onguration of the an-
tiferromagneti state (AF II, Fig. 11). The maximum
magnetization at 120 kOe is ≈ 7.5 µB/Tb, whih is little
less than the saturation moment of Tb
3+
ion. Hene the
latter two metamagneti transitions drive the ompound
to the eld indued ferromagneti state. A signiant
amount of hysteresis is observed during the demagneti-
zation of the sample, due to the pinning of the domain
walls in an anisotropi ferromagneti material. The eld
indued ferromagneti state of the ompound indiates
the weakly oupled antiferromagneti nature of the om-
pound. The magnetization along the hard axis undergoes
a minor metamagneti transition ≈ 40 kOe. This result
is in ontrast with that reported previously (author?)
4
,
where no metamagneti transition is enountered up to
a eld of 50 kOe. The magnetization at 120 kOe and
2 K is ≈ 1.8 µB/Tb, whih is far less ompared to that
obtained with eld along [1010℄ diretion, as expeted for
a hard axis of magnetization. When the eld is applied
along the [1120℄ diretion the magnetization undergoes
two spin-op type metamagneti transitions at approx-
imately the same values as that with eld along [1010℄
diretion. The magnetization at 120 kOe and 2 K is ≈
8 µB/Tb, whih is ≈ 0.5 µB/Tb higher then that along
[1010℄ diretion and lose to the saturation moment of
the Tb
3+
ion. The magneti phase diagram of the om-
pound onstruted from the temperature variation of the
magneti isotherms (not shown) with eld applied along
the easy axis of magnetization [1010℄ is shown in Fig.
11. The symbols AF, AF I, AF II and AF III represents
the three dierent antiferromagneti states (inluding the
Figure 11: (Color online) Magneti phase diagram of Tb5Ge3
onstruted using the temperature variation of magneti
isotherms with eld applied along [1010℄ diretion. The dot-
ted lines represents the expeted imaginary path of the urve.
anted antiferromagneti state) of the ompound.
IV. DISCUSSION
In the preeding setions we have presented the inter-
esting magneti behavior of Pr5Ge3 and Tb5Ge3. Pr5Ge3
orders ferrimagnetialy near 13 K with a dominant fer-
romagneti omponent when the eld is applied along
[0001℄ diretion. Along the [1010℄ diretion there are two
transitions at T1 and T2; the transition at T1 appears to
be antiferromagneti, while the upturn ourring at the
higher temperature T2 suggests the presene of ferromag-
neti type orrelations. At high elds the behavior of 2 K
isotherms along both the rystallographi axes is domi-
nantly ferromagneti type. Sine there are two symmetry
inequivalent rystallographi sites, 4d and 6g, for the rare
earth ion and the nearest neighbor 4d-4d distane is sig-
niantly lesser than the orresponding 6g-6g distane,
site dependent magneti response is in priniple possible.
The latter is atually seen in the neighboring (similar
lattie parameters) isostrutural ompound Nd5Ge3 as
mentioned in the Introdution. In Pr5Ge3 the behav-
ior of the magnetization around ≈ 36 K with eld along
[1010℄ diretion, whih bears the signature of the onset
of the ferromagneti type orrelations an plausibly be
attributed to the ions present at the 4d site. The 4d site
moments being relatively loser to eah other ompared
to the other ions areoupled more strongly by the indiret
RKKY exhange interation. With further derease in
the temperature the seond magneti transition at ≈ 13
K may be due to the ab plane-projeted ollinear antifer-
romagneti type ordering of the Pr
3+
moments at the 6g
site. As already mentioned above, the latter is strongly
suggested by AC suseptibility. The q´ (real part) of
7the AC suseptibility inludes ontributions from both
magneti rotation and domain wall movement, whereas
q (imaginary part) reets the energy loss due to the
movement of domain walls. If the antiferromagneti or-
dering is ollinear then the resulting moment is zero and
hene no movement of domain walls is involved, result-
ing in the absene of peak in q. We further speulate
that between T1 and T2, the evolution of 4d-4d, 4d-6g
and 6g-6g interations with temperature is suh that it
overall gives rise to a derease in the FC magnetization
in a limited range of temperature, as already mentioned
above.
Along [0001℄ diretion, the peak seen in both the real
and the imaginary part of the AC suseptibility supports
the ferromagneti nature of the transition at 13 K, in tune
with the DC magnetization results presented above. The
relatively sharp nature of the peak is typially seen in
highly anisotropi magneti ompounds, orroborated by
the high oerivity (≈ 3 kOe at 2 K) seen in the magneti
isotherm.
The magneti isotherms along [1010℄ and [0001℄ dire-
tions at 2 K show that at high elds Pr5Ge3 is like a fer-
romagnet. At 2 K the moment at 120 kOe is ≈ 9.3 µB/
f.u. and 7.8 µB/ f.u. along these two diretions, repe-
tively. Keeping in mind that the saturation moment of
free Pr
3+
ion is 3.2 µB and the likely redution in the
moment due to the rystal eletri elds, the magnetiza-
tion response involves the polarization of Pr ions of both
sublatties. Of ourse, the magnetization along [1010℄ is
larger beause it is the easy axis of magnetization.
The absene of any anomaly at 36 K when the eld is
applied along the [0001℄ axis may be rationalized by as-
suming that the easy axis of magnetization for the Pr-4d
moments is in the ab-plane. As the temperature is low-
ered a dominant ferromagneti omponent is observed at
≈ 13 K with an overall ferrimagneti behavior. Sine the
ordering temperature (≈ 13 K) is similar to that our-
ring also along [1010℄ diretion, it is possible that the
orientation of the 6g moments is suh that it an be re-
solved into a ollinear antiferromagneti onguration in
the ab plane and a ferromagneti omponent along the -
axis. In order to explain the ferrimagneti response at low
temperatures, we postulate that i) the anisotropy of the
6g sublattie is stronger than that of 4d-sublattie and ii)
the exhange interation between the 6g and the 4d mo-
ments fores the latter to reorient from their easy axis.
In order to get the full details of the magneti ongu-
ration, neutron diration on a single rystal is required.
The arrangement of the magneti moments in these om-
pounds an be very omplex. For example. a reent neu-
tron diration experiment on Ho5Ge3(author?)
5
nds
between TN1 = 27 K and TN2 = 18 K, a sine-modulated
ordering with two propagation vetors K1 = [0,0,±3/10℄
and K2 = [0. 1/2,0℄. The magneti onguration hanges
below TN2 and is desribed by four propagation vetors
K1 = [0,0, ± 3/10℄, K2 = [0,1/2,0℄, K3 = [0,0, ± 2/5℄
and K4 = [±1/5, ±1/5, 0℄.
Tb5Ge3, by ontrast, shows a relatively simpler pro-
ess of magneti ordering. A peak at TN= 85 K is seen
in both diretions, though it is far more prominent along
[1010℄ (ab plane), the easy axis of magnetization. The
leveling of the suseptibility at low temperatures along
[1010℄ diretion may be due to the inommensurate mag-
neti transition reported by (author?)
6
to our between
75 to 50 K, whih transforms into a spiral type anti-
ferromagneti struture at low temperatures. The om-
pound is a weakly oupled antiferromagnet in the sense
that polyrystalline average of the paramagneti Curie
temperature is low (-16 K) and also the ompound un-
dergoes a eld indued ferromagneti transition at 2 K.
The saturation moment obtained at 120 kOe and 2 K is
lose to that reported from the neutron diration (au-
thor?)
6
for the Tb
3+
ion in Tb5Ge3. Along the hard
axis of magnetization there is an evidene of a metam-
agneti transition at ≈ 40 kOe. Suh transitions along
the hard axis of magnetization are generally attributed
to the rossing over of the rystal eld split energy levels
as shown in ase of NdRhIn5 (author?)
7
. The reason
for hysteresis appearing in the magneti isotherm is not
known.
V. CONCLUSIONS
In onlusion, we have studied the magneti properties
of single rystalline Pr5Ge3 and Tb5Ge3. Hexagonal ab
plane or [1010℄ diretion was found to be the easy axis
of magnetization for Pr5Ge3. In the ab plane, the mag-
netization shows a ferromagneti type upturn at ≈ 36
K followed by a ollinear antiferromagneti ordering of
the moments at ≈ 13 K. Along [0001℄ diretion the om-
pound shows a dominant ferromagneti transition at ≈
13 K with an overall ferrimagneti type behavior. At 2 K,
the magneti isotherm of the ompound along [0001℄ di-
retion is typial for a ferromagnet, while a eld indued
ferromagneti type response is observed along the [1010℄
diretion. Tb5Ge3 was found to order antiferromagneti-
ally at 85 K with a hexagonal ab plane as a easy axis of
magnetization. The ompound undergo a eld indued
ferromagneti state at low temperatures along the easy
axis of magnetization.
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